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(54) Diversity receiver for radio communication system and method 



(57) The present invention relates to a receiver (42) 
for making it possible to accurately restore a transmitted 
information bit by removing the influence of interference 
waves. Pilot symbols inserted at the transmission side 
(41) are extracted from received signals (S48-S51), and 
weighting factors (S61 -S64) for minimizing the interfer- 
ence wave component in accordance with extracted 
pilot symbols (S52-S55) are calculated to remove the 
interference wave component from information symbols 



(S567S59) by multiplying the information symbols 
extracted from received signals by the weighting factors. 
Thereby, even if interference waves are received, it is 
possible to easily remove the interference wave compo- 
nent from received signals and thus, accurately restore 
the information bit (S72) transmitted by removing the 
influence of interference waves. 
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Description 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION . 

[0001] The present invention relates to a receiver, radio communication system and communication method to be 
preferably applied to a radio communication system such as a portable telephone system. 

DESCRIPTION OF THE RELATED ART 

[0002] Some of the conventional radio communication systems of this type are constituted so that the influence of 
fading received through a transmission line can be removed by setting a plurality of antennas in a receiver and perform- 
ing a diversity reception. Hereafter, the radio communication system of this type is described below by showing a spe- 
cific example. A synchronous-detection-based radio communication system for transmitting or receiving digital data by 
the Time Division Multiple Access (TDMA) method is described below as an example. 

[0003] As shown in Fig. 1 , the radio communication system 1 of this type comprises a transmitter 2 and a receiver 3, 
and obtains a received-bit stream S1 removed the influence of fading by diversity-receiving a transmission signal trans- 
mitted from an antenna 2A of the transmitter 2 via antennas 3A and 3B of the receiver 3 and signal-processing the sig- 
nals received via these two antennas 3A and 3B with a received-signal processing section 4. 
[0004] Figs. 2 and 3 show specific structures of the transmitter 2 and the receiver 3 forming the radio communication 
system 1 . As shown in Fig. 2, the transmitter 2 mainly comprises a convolution coding circuit 5, an interleaving buffer 6, 
a slotting processing circuit 7. a modulation circuit 8, a pilot symbol addition circuit 9, a transmission circuit 10. and the 
antenna 2A so as firstly to input information bit series S2 serving as transmission data to the convolution coding circuit 
5. 

[0005] The convolution coding circuit 5 comprises predetermined numbers of stages of shift registers and exclusive 
OR circuits, applies convolution coding to the input information bit series S2, and outputs coded bit series S3 thereby 
obtained to the interleaving buffer 6. The interleaving buffer 6 stores the coded bit series S3 in its internal storage region 
in order. When the coded bit series S3 are stored in the entire storage region (when the coded bit series S3 are accu- 
mulated up to the desired quantity), the buffer 6 rearranges the sequence of the coded bit series S3 at random (here- 
after, the rearrangement of the sequence is referred to as interleaving) and outputs coded bit series S4 thereby 
obtained to the slotting processing circuit 7. In this connection, the interleaving buffer 6 has a storage capacity for a plu- 
rality of slots so that coded bit series are distributed to a plurality of transmission slots. 

[0006] The slotting processing circuit 7 is a circuit for assigning the coded bit series S4 to time-division-formed trans- 
mission slots in accordance with the TDMA method, which classifies the coded bit series S4 into every predetermined 
number of bits and outputs coded bit groups S5 thereby obtained to the modulation circuit 8 in order. The modulation 
circuit 8 applies predetermined modulation processing (e.g., synchronous-detection-based modulation processing 
such as QPSK modulation) to each supplied coded-bit group S5 and outputs information symbol groups S6 thereby 
obtained to the pilot symbol addition circuit 9. 

[0007] As shown in Fig. 4, the pilot symbol addition circuit 9 adds a pilot symbol P to the head position of each infor- 
mation symbol group S6 classified in accordance with the transmission slot (the head of an information symbol I) as a 
header and outputs transmission symbol groups S7 thereby obtained to the transmission circuit 10. In this connection, 
the pilot symbol P added here is a symbol of a pattern previously known at the receiver side and the receiver side is 
constituted so as to estimate the characteristics (fading state) of a transmission line by using the pilot symbol P. 
[0008] The transmission circuit 1 0 applies filtering processing to the transmission symbol groups S7 respectively pro- 
vided with a pilot symbol P in order, and then applies digrtal-to-analog conversion processing to the transmission sym- 
bol groups S7 to generate transmission signals. Moreover, the transmission circuit 10 generates a transmission signal 
S8 of a predetermined frequency channel by applying frequency conversion to the transmission signal and amplifies 
the signal up to a predetermined power, and then transmits the signal through the antenna 2A. Thus, the transmission 
signal S8 is transmitted from the transmitter 2 synchronously with the timing of a TDMA-type transmission slot. 
[0009] Moreover, as shown in Fig. 3, the receiver 3 mainly comprises antennas 3A and 3B, a received-signal process- 
ing section 4, and a Viterbi decoding circuit 20, receives the transmission signal S8 transmitted from the transmitter 2 
via the antennas 3A and 3B, and inputs received signals S10 and S1 1 thereby obtained to the received-signal process- 
ing section 4. The received-signal processing section 4 supplies the received signal S10 to its internal reception circuit 
21 and also does the received signal S1 1 to its internal reception circuit 22. 

[001 0] The reception circuit 21 amplifies the input received signal S1 0, and then fetches a base band signal by apply- 
ing frequency conversion to the received signal S10 and applying filtering processing to the base band signal. Then 
said reception circuit 21 fetches received-symbol groups S1 2 corresponding to the above-described transmission sym- 
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bol groups S7 by applying analog-to-digital conversion processing to the base band signal, and outputs the received- 
symbol groups S12 respectively to a transmission-line estimation circuit 23 and a received-power measurement circuit 
24. In this connection, since amplitude components and phase components of the received-symbol groups S1 2 are 
fluctuated by the influence of fading through a transmission line, the symbol groups S1 2 do not always coincide with the 
transmission symbol groups S7. 

[001 1] The transmission-line estimation circuit 23 is a circuit for examining the characteristics of a transmission line 
and performing equalization processing corresponding to the examination result. Said transmission-line estimation cir- 
cuit 23 estimates the characteristics of the transmission line by referring to the pilot symbol P included in the received- 
symbol groups SI 2 and calculates the reverse characteristics of the transmission line in accordance with the estimation 
result. Moreover, the transmission-line estimation circuit 23 removes the influence of fading received through the trans- 
mission line by convolution-multiplying the information symbol I of each received-symbol group S12 by a value showing 
the reverse characteristics of the transmission line in a time domain by using an equivalent circuit comprising an equal- 
izer. Through tfiis processing, the transmission-line estimation circuit 23 generates received information symbol groups 
S13 corresponding to the information symbol groups S6 and outputs the groups S13 to a multiplier 25. 
[001 2] The received-power measurement circuit 24 measures the power of the input received-symbol groups S12 in 
accordance with the input received-symbol groups S12 and outputs the received-power value S14 of the groups S12 to 
the multiplier 25. The multiplier 25 generates received information symbol groups S15 on which the reliability of the 
received information symbol groups S13 are reflected by multiplying the groups S13 by the received power value S14 
supplied from the received-power measurement circuit 24 as a weighting factor showing the reliability of the groups 
S13, and outputs the groups S15 to an adder 26. In this connection, the reliability of the received information symbol 
groups S13 is proportional to the received power value S14. Therefore, as the received power value S14 increases, the 
reliability becomes higher. 

[001 3] In the same way, the reception circuit 22 amplifies the input received signal S1 1 , fetches a base band signal 
by applying frequency conversion to the received signal S1 1 , applies filtering processing to the base band signal, then 
fetches received symbol groups S16 corresponding to the above transmission symbol groups S7 by applying analog- 
to-digital conversion processing to the base band signal, and outputs the groups S16 respectively to the transmission- 
line estimation circuit 27 and the received power measurement circuit 28. In this connection, the amplitude component 
and phase component of the received symbol groups S16 are also fluctuated because the groups S16 are influenced 
by fading. Therefore, the groups S16 do not always coincide with the transmission symbol groups S7. Moreover, since 
the groups S16 and S7 are not influenced by fading under completely the same state, the groups S16 do not always 
coincide with the received symbol groups S1 2. 

[0014] The transmission-line estimation circuit 27 is also a circuit for examining the characteristics of a transmission 
line and performing equalization processing corresponding to the examination result, and estimates the characteristics 
of the transmission line by referring to a pilot symbol P included in the received symbol groups S16 and further calcu- 
lates the reverse characteristics of the transmission line in accordance with the estimation result. Moreover, the trans- 
mission-line estimation circuit 27 removes the influence of fading received through the transmission line by convolution- 
multiplying each information symbol I of the received symbol groups S1 6 by the value showing the reverse characteris- 
tics of the transmission line in a time domain by using an equivalent circuit comprising an equalizer. Through this 
processing, the transmission-line estimation circuit 27 generates received information symbol groups S17 correspond- 
ing to the transmitted information symbol groups S6 and outputs the group S17 to a multiplier 29. 
[001 5] The received power measurement circuit 28 measures the power of the received symbol groups S1 6 in accord- 
ance with the input received symbol groups S1 6 and outputs the received power value S1 8 to the multiplier 29. The mul- 
tiplier 29 generates received information symbol groups S19 on which the reliability of the received information symbol 
groups S17 is reflected by multiplying the received information symbol groups S17 by the received power value Si 8 
supplied from the received power measurement circuit 28 as a weighting factor showing the reliability of the received 
information symbol groups S 1 7, and outputs the groups S1 9 to the adder 26. 

[001 6] The adder 26 generates synthesized received information symbol groups S20 from which the fluctuation due 
to fading is removed by synchronizing symbols of the received information symbol groups S15 and S19 on which the 
reliability is reflected, and adding the groups S15 and S19 together. Thus, the processing for weighting the information 
symbol groups S13 and S17 received via the antennas 3A and 3B and for adding them is generally referred to as the 
maximum ratio synthesizing method which is known as one of the strongest signal processing methods against noises 
and fading, and is relatively complex compared to other methods such as the selective synthesizing method, etc... 
[0017] The synthesized received information symbol groups S20 thus generated are input to a demodulation circuit 
30 at the rear stage. The demodulation circuit 30 restores coded bit groups S21 corresponding to the coded bit groups 
S5 at the transmission side by applying the predetermined demodulation processing to the synthesized received infor- 
mation symbol groups S20, and outputs the restored groups S21 to a slot connection processing circuit 31 . In this con- 
nection, each bit of the coded bit groups S21 is not a binary signal having a value "0" or "1", but is a multi-valued signal 
since a noise component is added to each bit through a transmission line. The slot connection processing circuit 31 is 
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a circuit for connecting the coded bit groups S21 obtained fragmentary in slots so that they serve as continuous ; sig- 
^1 c^bTgroups S21 are connected together after the groups S21 are accumulated up to the value equivalent 
Zi^^S* S a deinterleaving buffer 32 of the rear stage. Then, the slot connect-on process.ng crcurt 31 
outputs coded bit series S22 thereby obtained to the deinterleaving buffer 32. 

[0018] The deinterleaving buffer 32 has a storage capacity for a plurality of slots, storing the ^supplied coded b, series 
S22 in its internal storage region in order, and thereafter, returning the arrangement sequence of the coded b.t ser.es 
IS o te oTigS a Lgemerrt sequence by rearranging the sequence of the coded bit series 822 r 'accordance * 
the revere procedure to the rearrangement procedure performed in the interleaving buffer 6 of the 
output cSed bit series thereby obtained to the Viterbi decoding circuit 20 as the received bit stream S1 descnb*! 
above : hereafter returning of the arrangement sequence to the original arrangement sequence is referred to as dan- 
SSLJ^^STdi-nfl circuit 20 comprising a soft-decision Viterbi decoding circuit, restoring and ogm 
a traSed information bit series S23 by determining the trellis for convolution coding in accordance with the input 
ccS M SKSlSsi and estimating the most-probable state (so-called maximum-likelihood series estimation ou. ; of 
every state fransrtion recognized as probable data. Thus, the receiver 3 avoids the influence of fading received through 
the transmission line and restores the information bit series S23 transmitted from the transmitter 2. 
mTZL of the conventional receiver 3, the influence of fading is removed by weighting the <tor»M ^I 
arouDS S 3 and S17 received via the antennas 3A and 3B in response to the received power values SI 4 and S1 8, add- 
fnXm Sra^hereby performing the maximum ratio synthesis processing. However, when strong same-chan- 
nelSSnt waTi are present in every slot, it is impossible to obtain the characteristics of the orig.nal munum 
SrsynTheS because the interference wave power is also identified as received power. Thus the influence of fad.ng 
can not be avoided satisfactorily, and the information bit series S23 can not be restored accurately. 
So] Moreover, *ough diversity reception has basically an effect for preventing from decreasing o f receive* ipowe 
ofadLredwaveduetofading, it does not have a capacity for canceling interference waves Therefore the co^e^ 
recete slannot basically eliminate the influence of interference waves. Thus, in case of rece.ving interference waves 
he receter 3 camot accurately restore the information bit series S23. Therefore, in the case of conventional 
rece^r3 the attion against interference waves is still insufficient and it is impossible to restore accurately the inter- 
mation bit series S23. 

Rl IMMARY OF THF INVENTION 

r0021 1 In view of the foregoing, an object of this invention is to provide and a receiver, radio communication system 

can remove the inf.uence of interference waves to restore accurately a transmitted 

roSarT^e^iature principle and utility of the invention will become more apparent from the following detailed descrip- 
ZL^Tc^Zon with the" accompanying drawings in which like parts are designated by like reference 
numerals or characters. 

RRIFF DESCRIPTION OF THF DRAWINGS 
[0023] In the accompanying drawings: 

Fig. 1 is a block diagram showing the structure of a conventional radio communication system; 
Fig. 2 is a block diagram showing the structure of a conventional transmitter ; 
Fig 3 is a block diagram showing the structure of a conventional receiver; 

Fig 4 is a schematic drawing for explaining conventional pilot symbol arrangement; inuontinn ic 

Fig. 5 is a block diagram showing the structure of a radio communication system to which the present invention ,s 

fifeis a block diagram showing the structure of a transmitter to which the present invention is applied; 

Fig' 7 is a signal-point layout drawing for explaining the theory of QPSK modulation; 

Fig. 8 is a signal-point layout drawing for explaining the theory of 8PSK modulation; 

Fig 9 is a signal-point layout drawing for explaining the theory of 16QAM; 

Fig. 10 is a signal-point layout drawing for explaining the theory of 64QAM; 

Fig 11 is a schematic drawing for explaining pilot symbol arrangement; _ 

Fig 1 2 is a schematic drawing for explaining a transmission symbol after inverse-Four.er-transformed, 

Fig 13 is a block diagram showing the structure of a receiver to which the present invention is applied; 

Fig. 14 is a block diagram showing the structure of a weighting-factor calculating section; 

Fig 1 5 is a f tow chartshowing the weighting-factor calculation procedure by a we.ght.ng.fa «°L C ^ W^ ,on ' 

Fig. 16 is a block diagram showing the structure of a demodulation circurt correspond^ to QPSK modulat.on. 
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Fig. 17 is a block diagram showing the structure of a demodulation circuit corresponding to 8PSK modulation; 

Fig. 1 8 is a block diagram showing the structure of a demodulation circuit corresponding to 1 6QAM; 

Fig. 19 is a block diagram showing the structure of a demodulation circuit corresponding to 64QAM; 

Fig. 20 is a block diagram showing the structure of a demodulation circuit of the second embodiment; 

Fig. 21 is a block diagram shewing the structure of a reliability calculation circuit; 

Fig. 22 is a block diagram showing the structure of the transmitter of another embodiment; 

Fig. 23 is a block diagram showing the structure of the receiver of another embodiment; and 

Fig. 24 is a block diagram showing the structure of a differential demodulation circuit. 

DETAILED DESCRIPTION OF THE EMBODIMENT 

[0024] Preferred embodiments of this invention will be described with reference to the accompanying drawings; 
(1) First Embodiment 

(1-1) General structure of radio communication system 

[0025] In Fig. 5, symbol 40 denotes a radio communication system to which the present invention is applied as a 
whole. The radio communication system 40 is constituted with a transmitter 41 and a receiver 42. A transmission signal 
S30 transmitted through an antenna 43 of the transmitter 41 is received by four antennas 44A-44D of the receiver 42. 
Moreover, another transmitter 46 for transmitting a transmission signal S31 at the same frequency channel as that of 
the transmission signal S30 to be transmitted by the transmitter 41 is present nearby the radio communication system 
40 The signal S31 transmitted from the transmitter 46 is also received via the antennas 44A-44D as an interference 
wave. The receiver 42 inputs each signal received via the antennas 44A-44D to its internal received signal processing 
section 45, and generates a received bit stream S32 from which the influence of the interference wave is removed by 
removing the interference wave component from each received signal. 

[0026] In this connection, the receiver 42 eliminates the fading correlation between four received signals received via 
the antennas 44A-44D by setting the antennas 44A-44D at intervals of more than 1/2 wavelength in accordance with 
the frequency of the transmission signal S30. Thereby, the receiver 42 effectively performs diversity reception by elim- 
inating the fading correlation between the four received signals. Moreover, in general, diversity reception is an art for 
removing the influence of fading by synthesizing signals received by a plurality of antennas with a predetermined 
method. Therefore, when each signal includes the fading correlation, the effect of the diversity reception is theoretically 
deteriorated. Therefore, in the case of the receiver 42, the arrangement of the four antennas 44A-44D is specified as 
described above. 

[0027] Moreover, in case of this radio communication system 40, one frequency channel is constituted with, for exam- 
ple, 24 subcarriers. Therefore, for transmission, information bit series to be transmitted are classified in slots, the infor- 
mation bit series classified for each slot are distributed to and superimposed on the subcarriers so as to perform so- 
called multicarrier communication of transmitting information bits at the same time by using a plurality of carriers. 

(1-2) Structure of transmitter 

[0028] The transmitter 41 of the above-mentioned radio communication system is specifically described below by 
referring to Fig. 6. As shown in Fig. 6 in which a portion corresponding to that in Fig. 2 is provided with the same symbol, 
the transmitter 41 mainly comprises a convolution coding circuit 5, an interleaving buffer 6, a slotting processing circuit 
7, a modulation circuit 8, a pilot symbol addition circuit 50, an inverse fast Fourier transform circuit (IFFT) 51, a trans- 
mission circuit 52, and an antenna 43. The transmitter 41 has a structure almost same as that of the transmitter 2 shown 
in Fig. 2 except that the inverse fast Fourier transform circuit 51 is added and the processing contents of the pilot symbol 
addition circuit 50 and transmission circuit 52 are changed. 

[0029] First, in case of the transmitter 41 , the coded bit groups S5 classified by the slotting processing circuit 7 are 
input to the modulation circuit 8. The modulation circuit 8 applies synchronous-detection-based demodulation process- 
ing to the input coded bit groups S5 also in the case of the transmitter 41. The modulation processing includes various 
modulation methods. For example, Quadrature Phase Shift Keying modulation (QPSK modulation: so-called 4-phase 
modulation), 8 Phase Shift Keying modulation (8PSK modulation: so-called 8-phase modulation), 16 Quadrature Ampli- 
tude Modulation (16QAM: so-called hexadecimal-value orthogonal amplitude modulation), 64 Quadrature Amplitude 
Modulation (64QAM: so-called hextetra-value orthogonal amplitude modulation) are typical modulation methods. 
[0030] The above-mentioned modulation methods are described below. The QPSK modulation, as shown by the 
name, is a phase modulation method in which four phase states are present, and as shown in Fig. 7, the information for 
2 bits is shown by four signal points (symbols) present at phase values n 14, 37t/4, 5it/4, and 7rc/4. Moreover, the 8QPSK 
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modulation, as shown by the name, is a phase modulation method in which 8 phase states are present, and as shown 
in Fig 8, the information for 3 bits is shown by 8 signal points which are present on concentric circles with an amplitude 
"1" and separate from each other by ti/4. Furthermore, the 16QAM, as shown by the name, is a modulation method in 
which 16 signal points different from each other in amplitude are present, and as shown in Fig. 9, the information for 4 
bits is shown by 16 signal points generated by separating the magnitudes of component I (in-phase component) and 
component Q (orthogonal component) from each other by thresholds ± V275. Furthermore, the 64QAM, as shown by 
the name, is a modulation method in which 64 signal points different from each other in amplitude are present, and as 
shown in Fig. 10, the information for 6 bits is shown by 64 signal points generated by separating magnitudes of compo- 
nent I and component Q from each other by thresholds ± V2/2T, +2 x V2/2T, and ±3 x V2M. In this connection, a numer- 
ical value attached to a signal point in Fig. 7 to 10 denotes bit information shown by the signal point. 
[0031] The modulation circuit 8 applies any one of the above-described modulation processings to each coded bit 
group S5 and outputs the obtained information symbol groups S6 to the pilot symbol addition circuit 50. The pilot sym- 
bol addition circuit 50 is a circuit for adding a pilot symbol P to each information symbol group S6. The transmitter 41 
does not add pilot symbols P to the head position of each symbol group but it inserts pilot symbols P between informa- 
tion symbols I constituting symbol groups at equal intervals. 

[0032] In this connection, because symbols of one slot are distributed to 24 subcarriers as described above, one slot 
is constituted with 24 symbols including pilot symbols P and information symbols I. A pilot symbol P is a symbol of a 
previously known pattern at the receiver side. Its amplitude value is "1" and its phase value is random. However, the 
phase value is randomized so as to be different from other communication, and thereby a pilot symbol P is made differ- 
ent in every communication. That is, because an interference wave component is detected on the basis of a pilot symbol 
P at the receiver side, and therefore it is impossible to distinguish between signal component and interference wave 
component of a local office sent from a communication counterpart if the phase value of the pilot symbol P is the same 
as that of other communication. 

[0033] The transmission symbol groups S35 generated by adding pilot symbols P are output to the following inverse 
fast Fourier transform circuit 51 . Because the inverse fast Fourier transform circuit 51 superimposes symbols constitut- 
ing the transmission symbol groups S35 on the 24 subcarriers described above by distributing them to the subcarriers 
(because the circuit 51 transmits the symbols of the transmission symbol groups S35 by arranging them on a frequency 
axis) the circuit 51 applies inverse Fourier transform to each transmission symbol group S35. Thereby, signals in which 
input' symbol groups being arranged on a time base are arranged on a frequency axis are generated. The state of a 
transmission symbol group S36 generated by applying inverse Fourier transform is shown in Fig. 12. Fig. 12 shows the 
state of the transmission symbol group S36 on the basis of frequency. From Fig. 12, it is found that 24 symbols com- 
prising pilot symbols P and information symbols I are arranged on a frequency axis and assigned to 24 subcarriers one 

63Ch 

[0034] Moreover, the inverse fast Fourier transform circuit 51 applies windowing to the transmission symbol groups 
S35 before performing the inverse Fourier transform processing, and thereby controls unnecessary out-of-band spuri- 
ous A specific method for windowing is realized by applying cosine roll-off filter to the transmission symbol groups S35 
on a time base. Thus, the transmission symbol group S36 generated through the processing by the inverse fast Fourier 
transform circuit 51 is output to the following transmission circuit 52. 

[0035] The transmission circuit 52 applies filtering processing to the transmission symbol group S36 and thereafter, 
applies digital-to-analog conversion processing to the transmission symbol group S36 to generate a transmission sig- 
nal. Moreover, the transmission circuit 52 generates the transmission signal S30 of a predetermined frequency channel 
by applying frequency conversion to the transmission signal, amplifies the signal S30 up to a predetermined power, and 
then transmits the signal S30 through the antenna 43. 

[0036] Thus the transmitter 41 performs the multicarrier communication for transmitting information bit series to be 
transmitted with a plurality of subcarriers at the same time by distributing coded bit groups divided into slots on a plu- 
rality of subcarriers and superimposing them to a plurality of subcarriers. 

(1-3) Structure of receiver 

[0037] As shown in Fig. 13 in which a portion corresponding to that in Fig. 3 is provided with the same symbol, a 
receiver 42 mainly comprises four antennas 44A-44D, a received signal processing section 45, and a Viterbi decoding 
circuit 20. The receiver 42 receives a transmission signal S30 transmitted from a transmitter 41 via the antennas 44A- 
44D independently, and inputs received signals S40-S43 thereby obtained to the received signal processing section 45. 
In this case, assume that a transmission signal S31 transmitted from another transmitter 46 is received as an interfer- 
ence wave, and the interference wave component is superimposed on received signals S40-S43. The received signal 
processing section 45 supplies the received signals S40-S43 to its internal reception circuits 60-63. 
[0038] After the reception circuit 60 amplifies the received signal S40, it fetches a base band signal by applying fre- 
quency conversion to the received signal S40 and applies filtering processing to the base band signal, and then it 
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fetches a received symbol group S44 by applying analog-to-digital conversion processing to the base band signal and 
outputs the group S44 to a fast Fourier transform circuit (FFT) 64. 

[00391 Moreover, reception circuits 61 -63 amplify input received signals S41-S43. then fetch base band signals by 
applying frequency conversion to the received signals S41-S43, apply filtering processing to the base band s.gnals 
thereafter fetch received symbol groups S45-S47 by applying analog-to-digital conversion processing to the base band 
signals and output the groups S45-S47 to fast Fourier transform circuits (FFT) 65-67. 

[0040] ' The fast Fourier transform circuit 64 fetches signal components for one slot by applying windowing processing 
to the input received symbol group S44 and applies Fourier transform to the fetched signal components. Thereby, 
fetched symbol groups being arranged on a frequency axis can be fetched being arranged them on a time base. Thus, 
the received symbol group S48 fetched through the Fourier transform performed by the fast Fourier transform circuit 64 
is output to a selector switch 68. In this connection, the fast Fourier transform circuit 64 performs windowing processing 
by applying a cosine roll-off window to the received symbol group S44 on a time base, and thereby makes it possible to 
control the interference between symbols in a slot. . 
[0041 1 Moreover the fast Fourier transform circuits 65-67 fetch signal components for one slot by applying windowing 
processing to the input received symbol groups S45-S47, fetch received symbol groups S49-S51 in wh.ch symbols are 
arranged on a time base by applying Fourier transform to the fetched signal components, and output the groups S49- 
S51 to selector switches 69-71. 

[00421 The selector switch 68 is a switch for separating pilot symbols P included in the received symbol group S48 
from information symbols I included in the group S48. The selector switch 68 extracts a symbol group S52 comprising 
20 only pilot symbols P by switching the connection state to a weighting -factor calculating section 72 at the timing of a pilot 
symbol P, outputs the group S52 to the weighting-factor calculating section 72, extracts a symbol group S56 comprising 
only information symbols I by switching the connection state to a buffer 74 at the timing of the information symbol I. and 
outputs the group S56 to the buffer 74. . 
[0043] Moreover the selector switches 69-71 are switches for separating pilot symbols P included in the received 
symbol groups S49-S51 from information symbols I included in the groups S49-S51. The selector switches 69-71 
extract symbol groups S53-S55 comprising only pilot symbols P by switching connection states to output the groups 
S53-S55 to the weighting-factor calculating section 72, and extracts symbol groups S57-S59 comprising only informa- 
tion symbols I to output them-to buffers 75-77. , , . 

[0044] The buffers 74-77 are respectively constituted with first-in first-out buffers. The buffers 74-77 store symbols of 
so the input symbol groups S56-S59 in their internal storage region in order, read the stored symbol groups S56-S59 
according to the signal output timing of the weighting-factor calculating section 72 to be mentioned later, and output the 
groups S56-S59 to multipliers 78-81 in order. 

[0045] The weighting-factor calculating section 72 receives a symbol group S60 constituted with symbols equaling to 
the pilot symbol P inserted into the information symbol group S6 at the transmission side from a pilot symbol generation 
circuit 73 Then the weighting-factor calculating section 72 calculates a weighting factor S64 for maximizing the signal- 
to-interference wave power ratio CIR of the symbol groups S56-S59 (for minimizing the interference wave component) 
by performing predetermined operation in accordance with the symbol group S60 and the input symbol groups S52-S55 
respectively comprising a pilot symbol P, and outputs the factor S64 to the multipliers 78-81. In this connection, the 
weighting factors S61-S64 calculated by the weighting-factor calculating section 72 are factors respectively comprising 
a complex number. Moreover, the weighting-factor calculating section 72 calculates the weighting factors S61 -S64 for 

ra046] yn n» multipliers 78-81 remove the interference wave-component from the symbol groups S56-S59 by complex- 
multiplying the weighting factors S61 -S64 by the symbol groups S56-S59 output synchronizing with the output timing of 
the weighting factors S61-S64 from the buffers 74-77. Then, the multipliers 78-81 output symbol groups S65-S68 

45 thereby obtained to an adder 82. 

[0047] The adder 82 synthesizes signal components diversity-received via the antennas 44A-44D by adding the sym- 
bol groups S65-S68 thus calculated synchronously with each symbol, and outputs a received information symbol group 
S69 thereby obtained to a demodulation circuit 83. 

[0048] The demodulation circuit 83 fetches a coded bit group S70 from the received information symbol group S69 
so by applying predetermined demodulation processing (demodulation processing corresponding to the modulation 
method performed at the transmission side and corresponding to QPSK modulation, 8PSK modulation, 16QAM, or 
64QAM) to the received information symbol group S69, and outputs the group S70 to the slot connection processing 
circuit 31 at the rear stage. 

[0049] The slot connection processing circuit 31 is a circuit for connecting the coded bit groups S70 fragmentary 
55 obtained in slots so as to be a continuous signal. The slot connection processing circuit 31 connects the coded bit 
groups S70 when the groups S70 are accumulated up to a value equivalent to the storage capacity for the demterleav- 
ing buffer 32 of the rear stage, and outputs a coded bit series S71 thereby obtained to the demterleaving buffer 32^ 
[0050] The deinterleaving buffer 32 has a storage capacity for a plurality of slots, which stores the supplied coded bit 
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series S71 in its internal storage region in order, and then returns the arrangement sequence of the coded bit series 
S71 to its original arrangement sequence by rearranging the series S71 in accordance with the inverse P' 0C *f'°J* 
the rearrangement performed in the interleaving buffer 6 of the transmitter 41 , and outputs coded bit series thereby 
obtained to the Viterbi decoding circuit 20 as the above-described received bit stream S32. 

[0051] The Viterbi decoding circuit 20 comprises a soft-decision Viterbi decoding circuit to restore a transmitted infor- 
mation bit series S72 by applying maximum-likelihood series estimation to the input coded bit series S32. In th.s case, 
^interference wave component is removed from the symbol groups S56-S59 by mult.ply.ng the symbol groups S56- 
S59 by the weighting factors S61 -S64 in the multipliers 78-81 at the front stage, and then the received .nformation sym- 
bol group S69 removed the interference wave component is generated by synthesizing the symbol groups S56-S59. 
TheLore, the interference wave component is also removed from the coded bit series S32 input to ^Mng 
circuit 20. Thus, by inputting the coded bit series S32 to the Viterbi decod.ng circuit 20, it is possible for the Vrterb, 
decoding circuit 20 to accurately perform maximum-likelihood series estimation without bang .rtfluenced by interfer- 
ence waves, and restore the information bit series S72 more accurately. 

(1-4) Structure of weighting-factor calculating section 

(1 -4-1 ) Circuit structure 

[0052] As shown in Fig. 1 4, the weighting-factor calculating section 72 comprises an expected value calculating sec- 
tion 90 for calculating inter-symbol-group expected values d0O3 and e00-e33 in accordance with the symbol groups 
S52-S55 respectively comprising a received pilot symbol P and the symbol group S60 compr,s.ng an actually transmit- 
ted pilot symbol P. The weighting-factor calculating section 72 also comprises a calculating section 91 for calculating 
the weighting factors S61-S64 by performing predetermined processing in accordance with the expected values d0-d3 
and e00-e33 calculated by the expected value calculating section 90. 

[0053] The expected value calculating section 90 first inputs the received symbol group S52 to multipliers 92A-92E. 
The symbol groups S60, S52, S53, S54 or S55 is input to the multipliers 92A-92E as an object for complex multp cat.on 
so that the-multipliers 92A-92E perform the complex multiplication between the conjugate value of the symbol group 
S52 and the symbol group S60, S52. S53, S54, or S55 (symbol - in Fig. 14 denotes a conjugate value). 
[0054] That is the multiplier 92A performs the complex multiplication between the conjugate value of each symbol of 
the symbol group S52 and each symbol of the symbol group S60 at every symbol in order, the mult.pher 92B performs 
the complex multiplication between the conjugate value of each symbol of the symbol group S52 and each .symbol of 
the symbol group S52 at every symbol in order, the multiplier 92C performs the complex multiplication between the con- 
ugate value of each symbol of the symbol group S52 and each symbol of the symbol group S53 at every symbol in 
order, the multiplier 92D performers the complex multiplication between the conjugate value of each symbol oMheiym- 
bol group S52 and each symbol of the symbol group S54 at every symbol in order, and the mult.pher 92E performs the 
complex multiplication between the conjugate value of each symbol of the symbol group S52 and each symbol of the 
svmbol arouo S55 at every symbol in order. 

[0055] Multiplication results of the multipliers 92A-92E are input to cumulative adders 93A-93E where they are cumu- 
latively added for each factor and thereby integrated. After cumulatively adding (integrating) the mult.plicat.on resuft of 
every symbol constituting one symbol group, the cumulative addition circuits 93A-93E output each integration result to 
the calculating section 91 as the expected value dO, eOO, e10, e20, or e30. 

[0056] Moreover, the expected value calculating section 90 inputs the received symbol group S53 to murt.pl.ers 94A- 
94E The symbol groups S60. S52. S53, S54. or S55 is input to the multipliers 94A-94E as an object for complex mul- 
tiplication, and the multipliers 94A-94E perform the complex multiplication between the conjugate value of the symbol 
group S53 and the symbol group S60, S52, S53. S54, or S55. 

[0057] That is the multiplier 94A performs the complex multiplication between the conjugate value of each .symbol of 
the symbol group S53 and each symbol of the symbol group S60 at every symbol in order, the .mult.pher 94B performs 
the complex multiplication between the conjugate value of each symbol of the symbol group S53 and each symbol of 
the symbol group S52 at every symbol in order, the multiplier 94C performs the complex muftpl.cat.on between the con- 
ugate value of each symbol of the symbol group S53 and each symbol of the symbol group S53 
order the multiplier 94D performs the complex multiplication between the conjugate value of each symbol of the symbol 
group S53 and each symbol of the symbol group S54 at every symbol in order, and the multiplier 94E Performs the com- 
plex multiplication between the conjugate value of each symbol of the symbol group S53 and each symbol of the symbol 

SrSl^MuffiSSTeJulte ofthe multipliers 94A-94E are input to cumulative adders 95A-95E where they are cumu- 
atrvely added tor each factor and thereby integrated. After cumulatively adding (integrating) the multiplication resu of 
every symbol constituting one symbol group, the cumulative add.tion circuits 95A-95E output each .ntegrobon result to 
the calculating section 91 as the expected value d1 , e01 , e1 1 , e21 , or e31 . 
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[0059] Hereafter in the same way, in the weighting-factor calculating section 72, multphers 96A-96E perform , the com- 
plex multiplication between the conjugate value of the symbol group S54 and each of the symbol groups S60 S52. S5a 
854 ™d S55 calculate the expected value d2, e02. e12, e22 or e32 by cumulatively adding the multiplication results 
ScTmuSeTddLn circuite 97A-97E, and input the expected value d2, e02, e12. e22, or e32 to the calculatng sec- 
Sn 9™oreover, in the weighting-factor calculating section 72, multipliers 98A-98E perform the complex mu.t^cat,on 
between the conjugate value of the symbol group S55 and each of the symbol groups S60 S52, S53, S54, and S55 
cSate the expected value d3, e03. e13, e23. or e33 by cumulatively adding the multiplication results with cumulative 
addition circuits 99A-99E. and output the expected value d3, e03. e13, e23, or e33 to the calculating sect.on 91 . 
[0060] The calculating section 91 calculates the weighting factors S61-S64 by performing predetermined processing 
"accordance with the expected values d0-d3 and e00-e33 calculated by the expected value calculating section 9a 

the following Equation (1) to solve the determinant by using a mathematical method such as the Gauss method. LU 
method, or Gauss-Jordan method, and calculates complex variables W0-W3. 



is 



20 



fe00 eOl eOl e03 > 

elO ell ell el3 

elQ ell ell ell 

j?30 e31 c32 e33 



Wl 
W2 
W3 



A 



'd0} 
d\ 
dl 

yd3j 



(1) 



25 



30 



[0061 ] Moreover, the calculating section 91 outputs the calculated complex variables W0-W3 as the weighting factors 
S61-S64. 

(1-4-2) Weighting-factor calculation procedure by weighting-factor calculating section 

[0062] Hereafter, the weighting-factor calculation procedure by the weighting-factor calculating section72 having the 
aWdescTibed structure is described by referring to the flow chart shown in Fig. 15. In this case^ssurne thatthe 
symboTo^^ deceived symbol group S52 is P0, the symbol of the symbol group S53 is P1 . the symbol of the symbol 
gS S54 is P2, the symbol of the symbol group S55 is P3, and the symbol of the symbol group S60 corresponding to 

PC IP P2 and P3 for each syrrtool in step SP2 starting with step SP1. and moreover obtains mult.pl.cat.on values Y, 
between the received symbols P0-P3 on one hand and the transmitted symbol Pd on the other for each symbol. In case 
oft ca.cu.a ti ng section 72 obtains the multiplication va-u« *j and ^ 1 2E2 
a conjugate value on one symbol and multiplying the other symbol by the C on,ugate value. That is, th ""^^ 
calculating section 72 calculates multiplication value Xij on every combination by performing the operation shown by the 
following Equation (2) in order, by assuming variables i and j as i = 0 3 and j - 0 3. 



40 



Xij = Pi • Pj' 



(2) 



45 



so where, i, j = 0,...,3 

[0064] Moreover, the section 72 calculates multiplication value Yj on every combination by performing the operation 
shown by the following Equation (3) in order. 

55 
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Yj = Pd • Pj' 



(3) 
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where, j = 0,...,3 

[0065] Symbol "♦"shown in the Equations (2) and (3) denotes a conjugate value. 

0066 In the next step SP3, by assuming the number of symbols of a symbol group as k (by assuming the number of 
pilot symbols included in one slot as k). the weighting-factor calculating section 

adding k multiplication values Xij for each factor and moreover, calculates an expected value dj by adding k "replica- 
tion values Yj for each factor. That is, the weighting-factor calculating section 72 obtains the expected value eij by add- 
ing the multiplication value Xij for each factor in accordance with the following Equation (4). 

eij - ZXij{n) «> 



where, i, j = 0 3 

[0067] Moreover, the section 72 obtains the expected value dj by adding the multiplication value Yj for each factor in 
accordance with the following Equation (5). 



dj = eeOi) < 5 > 

a=0 



where, j = 0.....3 

[0068] Thereby, the expected values d0-d3 and e00-e33 for combinations between the symbol groups S52-S55 on 
one hand and the symbol group S60 on the other are calculated. 

[0069] in the next step SP4, the weighting-factor calculating section 72 substitutes the calculated expected values i dO- 
d3 and e00-e33 for the determinant shown by the above Equation (1), and calculates the weightng factors W0-W3 by 

45 solving the determinant Moreover, the weighting-factor calculating section 72 outputs the calculated weighing ifactors 
W0-W3 as the weighting factors S61-S64. When completing the above^escribed processing, the weighting-factor ca - 
culatjng section 72 starts the next step SP5 to complete the whole processing. In connection, the weighting-factor cal- 
culating section 72 performs the weighting-factor calculation procedure shown in F.g. 15 by obtaining the received 
signal Lrre^onding to one slot whenever the symbol groups S52-S55 are input and calculates the weighting factors 

so W0-W3 for each slot. 

(1-4-3) Theory of weighting factor calculation 

[0070] Then the theory is described in which the weighting factors W0-W3 capable of minimizing the interference 
55 wave component included in the symbol groups S56-S59 can be calculated by substituting the above-described 
expected values d0-d3 and e00-e33 for the determinant shown by the Equation (1) and solving the determinant 
T0071 ] First a case is assumed in which the number of antenna elements is K. Moreover, it is assumed that (M+1) 
signal waves s km (t) arrive in each antenna element, signal waves s k0 (t) out of the (M + 1) signal waves are desired 
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waves, and the remaining signal waves B^flHlanW are interference waves. Furthermore, it is assumed that white 
noises are added to a signal received by each antenna element. Under the above-described conditions, the voltage y(t) 
of a received signal obtained by synthesizing the signal received by each antenna element can be shown as descr.bed 
below. 

[0072] First when it is assumed that the m-th signal wave among the (M+1) signal waves arriving at the k-th antenna 
element is Ufl and the white noise added to the k-th antenna element is n k (t), the signal x^t) received by the k-th 
antenna element is shown by the following Equation (6). 

m=0 



[0073] Moreover, by totalizing values obtained by multiplying each signal x k (t) by a weighting factor W k , a received 
signal y(t) is obtained. Therefore, the received signal y(t) is shown by the following Equation (7). 



25 



30 



35 



40 



*=0 



[0074] In this case, when assuming an ideal signal to be originally received as d{t). the mean square error MSE 
between the ideal signal d(t) and the actually received signal y(t) is shown by the following Equation (8). 

MSE = E[\d(t)-y(tf ] (8) 



[0075] In this case, E[x] shown in the Equation (8) denotes the expected value of x (time mean value). Moreover, var- 
iables d(t), y(t), and W k are complex numbers. 

[0076] In the Equation (8), it is found that the received signal y(t) further approaches the ideal signal d(t) as the value 
of the mean square error MSE decreases. Therefore, by setting the weighting factor W k so that the means square error 
MSE is minimized, it is possible to minimize the interference wave component. To obtain the weighting factor W k for min- 
imizing the mean square error MSE, it is necessary to first partially differentiate the mean square error MSE with the 
weighting factor W k , and to search the weighting factor W k for decreasing the value of the part.ally-different.ated mean 
square error MSE to "0", that is, the weighting factor W k for minimizing the mean square error MSE. 
[0077] The weighting factor W k is a complex number. Therefore, when showing the weighting factor W k as the follow- 
ing Equation (9). the result of partially differentiating the mean square error MSE with the weighting factor W k can be 
45 shown by the following Equation (10). . 

W „ = W*° + JW* < 9 > 
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[0078] To obtain the weighting factor W k for minimizing the means square error MSE, it is necessary to obtain the 
15 weighting factor W k for the partial differential value to satisfy the following Equation (1 1). 



dMSE . dMSE 
— + j — = o 



(11) 



20 



dw; 



aw* 



25 [0079] Thus, the obtained weighting factor W k serves as the weighting factor W k for minimizing the interference wave 

poaSTIn this case, by assuming the number of antenna elements as "4", variable k = 0.....3. Therefore, the quadruple 
simultaneous equations shown by the following Equations (12) to (15) are obtained. 
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dMSE dMSE + dMSE = Q 
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dMSE = dMSE + dMSE = Q 



ew x dw; 



lm 



(13) 
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dMSE = dMSE + dMSE = Q 



dW, dW' 



dw: 
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dMSE _ dMSE + dMSE = Q 



dW i 



lm 



(15) 



[0081] By expanding the equations shown by the Equations (12) to (15) by using a predetermined mathematical 
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method, they can be transformed into the following Equations (16) to (19). 



5 dW 0 ,« 



M£ = ±lfar A <?W<f)] - E[ 2d( t )x 0 '(t)) - 0 (16) 
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[0082] The equations shown by the Equations (16) to (19) can be shown as a determinant shown by the following 
30 Equation (20). 
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[0083] Therefore, the determinant shown by the following Equation (21) can be obtained from the Equation (20). 
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[0084] Therefore, by solving the weighting factors W 0 -W 3 in accordance with the Equation (21), it is possible to obtain 
the weighting factors W 0 -W 3 capable of minimizing the interference wave component. 

[0085] The expected values E[X|(t)Xj*(t)] at the left side of the Equation (21 ) are expected values of received signals 
and correspond to the expected values e00-e33 in the above-mentioned Equation (1). In the same way, the expected 
values E[d(t)Xi*(t)] at the right side of the Equation (21) are expected values of a signal to be received and an actually 
received signal, and correspond to the expected values d0-d3 in the above Equation (1). Moreover, the weighting fac- 
tors W 0 -W 3 correspond to the weighting factors W0-W3 obtained by the Equation (1). Therefore, resultingly, by obtain- 
ing the weighting factors W0-W3 by the weighting factor calculating section 72 in accordance with the determinant 
shown by the Equation (1). it is possible to minimize the interference wave component. That is, it is possible to obtain 
the weighting factors W0-W3 capable of minimizing the interference wave component. 

(1-5) Structure of demodulation circuit 

[0086] In this section, the structure of the demodulation, circuit 83 is described. The demodulation circuit 83 restores 
a coded bit by performing the processing reverse to the processing of assigning some coded bits to a symbol at the 
transmission side in accordance with a predetermined modulation method. The structure of the demodulation circuit 83 
is changed correspondingly to the modulation method performed at the transmission side. Therefore, the structure of 
the circuit 83 is described for each modulation method. 

(1-5-1) Structure of demodulation circuit corresponding to QPSK modulation 

[0087] When the modulation method performed at the transmission side uses QPSK modulation, the demodulation 
circuit 83 is constituted as shown in Fig. 16, directly fetches the components I and Q of each symbol received as the 
received information symbol group S69 as first and second soft decision bits b1 and b2, and outputs the bits b1 and b2 
as the restored coded bit group S70. 

(1 -5-2) Structure of demodulation circuit corresponding to 8PSK modulation 

[0088] When the modulation method performed at the transmission side uses 8PSK modulation, the demodulation 
circuit 83 is constituted as shown in Fig. 17. The demodulation circuit 83 directly fetches the components I and Q of 
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each symbol received as the received information symbol group S69 as first and second soft decision bits bl andl b£ 
It also fetches a third soft decision bit b3 by applying predetermined processing to the components I and I Q. and outputs 
the fetched first, second, and third soft decision bits b1 , b2, and b3 as the restored coded bit group S70. 
[0089] When the demodulation circuit 83 fetches the third soft decision bit b3. it first inputs the components I and Q 
to absolute value circuits 100 and 101 . The absolute value circuit 100 obtains the absolute value S80 of the 'component 
and absolute value circuit 101 obtains the abso.ute value 81 of the component Q. The courts 100 and 101 output 
the absolute values 80 and 81 to a subtracter 102. The subtracter 102 subtracts the absolute value S81 of the compo- 
nent Q from the absolute value S80 of the component I and outputs the drfference S82 between the absolute values 
S80 and S81 to an arithmetic circuit 103. The arithmetic circuit 103 multiplies the difference S82 between components 
I and Q by 1/V2 and outputs the arithmetic result as the third soft decision bit b3. Thus, the demodulation c.rcu.t 83 
makes it possible to obtain the first, second, and third soft decision bits b1 . b2, and b3 with a simple structure ,n accord- 
ance with the above processing. 

(1-5-3) Structure of demodulation circuit corresponding to 16QAM 

[0090] When the modulation method performed at the transmission side uses 16QAM, the demodulation circuit 8S I is 
constituted as shown in Rg. 18. The demodulation circuit 83 directly fetches the components I and Q of each symbol 
£^£e^L information symbol group S69 as first and second soft dedsion bits b1 andl tt. K. arches 
third and fourth soft decision bits b3 and b4 by applying predetermined processing to the components I and Q, and out- 
outs the fetched first, second, third, and fourth soft decision bits b1 -b4 as the restored coded bit group S70. 
[0091] When the demodulation circuit 83 fetches the third and fourth soft decision bits b3 and b4 it first inputs the 
omponent I to an absolute value circuit 105 and the component Q to an absolute value circuit 106. JJ. 
circurt 105 obtains the absolute value S85 of the component I, and the absolute value circurt 106 obtains the absolute 
value S86 of the component Q. Then the circuit 1 05 outputs the absolute value S85 to an subtracter 107 and thecircu.t 
1 06 outputs the absolute value S86 to a subtracter 108. A value for example, is input to the subtracter 107 as a 
signaltvel decision threshold S87. The subtracter 107 subtracts the decision threshold S87 from i the absolute > value 
Softhecorrponent. and outoutsthesubtractionresult as thetNrd soft decisions 

sion threshold S87 is also input to the subtracter 108, the subtracter 108 subtracts the decision threshold S87 from the 
absolute value S86 of the component Q and outputs the arithmetic result as the fourth soft decision i bil I M. 
[0092] Thus, the demodulation circuit 83 directly uses the values of the components I and Q tor the' M t and second 
soft decision bits b1 and b2, obtains the third soft decision bit b3 by subtracting the decision threshold S87 from ithe 
absolute value S85 of the component I, and obtains the fourth soft decision bit b4 by subtracting the decision threshold 
S87 from the absolute value S86 of the component Q. Therefore, it is possible to easily obtain the first, second, third, 
and fourth soft decision bits b1-b4 with a simple structure. 

(1-5-4) Structure of demodulation circuit corresponding to 64QAM 

[0093] When the modulation method performed at the transmission side uses 64QAM, the demodulation circuit 83 is 
constituted as shown in Rg. 19. The demodulation circuit 83 directly fetches the componerts and Q o each symbol 
received as the received information symbol group S69 as first and second soft decision bits bl and b2. It also fetches 
third fourth fifth, and sixth soft decision bits b3-b6 by applying predetermined processing to the components I and Q, 
and outputs' the fetched first to sixth soft decision bits b1 -b6 as the restored coded bit group i S70 
[0094^ When the demodulation circurt 83 fetches the third to sixth soft decision bitsb3-b6 it first inputs the ^compo- 
nents and Q to absolute value circute 1 10 and 1 1 1 . The absolute value circuit 110 obtains the ^'^^fO. 0 ' 
the component I and the absolute value circuit 1 1 1 obtains the absolute value S91 of the component OAnd then, . ■» 
circuit 1 10 outputs the value S90 to a subtracter 1 12 and the circuit 1 1 1 outputs the value S91 to a ^trader 13- A 
value NBKl\far example, is input to the subtracter 1 1 2 as a first signal-level decis,on threshold 800 Th. subtler 
112subtractsthefirst decision threshold S92 from the absolute value S90 of thelconponertarxlo^fteanlhn^ 
resuft as the third soft decision bit bB. and outputs the arithmetic result to an absolute value circuit 1 14. Moreover the 
first decision threshold S92 is input to the subtracter 113. The subtracter 113 subtracts the ^ d f ' s,on .^°' d ^ 
from the absolute value S91 of the component Q, outputs the arithmetic resuH as the fourth soft decision bit b4, and 
also outputs the arithmetic result to an absolute value circuit 115. 

?0095] The absolute value circuit 1 1 4 obtains the abso.ute value S93 of the third soft decision b I b3 1 art fte absolute 
circuit 1 15 obtains the absolute value S94 of the fourth soft decision bit b4. The circuit 114out P uts the value S93 to a 
subtracter 1 16 and the circuit 115 outputs the value S94 to a subtracter 1 17. A value *» « ample^s input to 

the subtracter 1 16 as a second signal-level decision threshold S95. The subtracter 116 subtracts the second decision 
threshold S95 from the absolute value S93 of the third softdecision bit b3 and outputs the arrthmetic result as afifth soft 
decision bit b5. Moreover, the second decision threshold S95 is input to the subtracter 117. The subtracter 117 sub- 
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tracts the second decision threshold S95 from the absolute value S94 of the fourth soft decision bit b4 and outputs the 
arithmetic result as a sixth soft decision bit b6. 

(1-6) Operations and advantages 

SSTwk., ft. »ansr*s*, Wno, S3, m-Md by usft, fte ™^J^™£%%ZZ 
Lon slgnel S30 of fte communication counterpart ,s P™«*^?~ ££££ ^^^^3 

tactor calculating section 72 ^^^^ VEZ£SS£ K. every combination. That is. the 
symbol generation ^^^^ESS^Sd values e00-e33 of the recerved pilot symbols P. arxi cal- 

[0102] Thus, me ^ ra ~ ™ ,u ^* arp calculated bv the arithmetic processing based on the expected 

pic processing such as preprocessing rf» me ^ ^ ^^on „ ,„ confirm 

^^^^ 
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inserting pilot symbols P between information symbols I. The reception side extracts pilot symbols P from each of the 
eceS symbols S48-S51 received via the antennas 44A-44D, calculates the weighting factors S61^64 for r™n,m.z,ng 
he inference wave component in accordance with the pilot symbols P. and multiplies the recerved information sym- 
bols S56S59 by the weSting factors S61-S64. Thereby, even if interference waves are received, it .s poss.b e to 
JemoStheirrtSference wave component from the received information symbols S56-S59 and accurately restore thus 
transmitted information bit series S72. 

(2) Second Embodiment 

r0105l In the case of the above first embodiment, the structure only for restoring the coded bit group S70 from the 
SeceL «on symbol group S69 is described. In the case of the second embodimentj however .a demadu.aton 
circuit having a structure for reflecting the reliability of a transm.ssion l.ne on the restored coded brt group S70 is 

S^n Fig 20 symbol 120 denotes a demodulating section of the second embodiment as a v^ole^hich is newly 
provided with a reliability calculation circuit 1 21 , a buffer 122. and a multiplier 123 in addition to ^emadulaton orcurt 
83 described for the above first embodiment. The demodulating section 120 first inputs the received .nformat.on symbol 
group S69 output from the adder 82 to the demodulation circuit 83 and the reliability calculation circu 1 121 . 
[0107] The demodulation circuit 83 is the same as the circuit described for the first embodiment, whict -restores the 
coded bit group S70 from the input received information symbol group S69 by applying predetermined demodula ion 
processing to the group S69, and outputs the restored coded bit group S70 to the rear-stage buffer 1 22 The buffer 122 

coZfeesafirst-infirsJout buffer, which stores rtd^btaaCta^ood-bll gwSW'n*^-^ 
region in order, reads the stored soft decision bits in order synchronously with the signal output timing of the rel.ab.l.ty 
calculation circuit 121 to be described later, and outputs the soft decision bits to the rear-stage multiplier 123^ 
[0108] The reliability calculation circuit 121 calculates the noise power of the input received ^^"jT^™* 
S69 in accordance with the group S69, and outputs the inverse number of the noise power to the mult.pl.er 123 as a 
reliability factor S100 showing the reliability of the transmission line through which the received .nformatior . symbo 
group S69 is sent. The multiplier 123 multiplies each soft decision bit of the coded brt group S70 read from the buffer 
?22 by the reliability factor S100 in bits, and outputs the obtained coded bit group S101 to the ""ear-stage slot connector, 
processing circuit 31 . In this connection, since the reliability factor S100 is the inverse number of the no'sepower. the 
signal level of the coded bit group S101 after multiplied by the reliability factor S100 becomes a level correspond. ng to 
the signal-to-noise power ratio S/N of the transmission line through which the received information symbol group S69 

raS' Thus, the demodulation circuit 120 calculates the reliability of the transmission line through which the received 
nformation symbol group S69 is sent, and multiplies each soft decision bit of the coded bit group S70 by the rehabilrty 
fal siOO showingVreliabnrty of the transmission line. Therefore, it is possible to adjust ^1^ brt 
of the coded bit group S70 to a level corresponding to the reliability of the transm.ss.on l.ne, and reflect the rel.ability of 
rtransmtionline on the coded bit group S70. ™erefore, by inputting the cc^ 

of the transmission line is reflected on the signal level to the rear-stage Vrterb. decod.ng circurt 20 and by ^perfo rming 
decoding processing, it is possible to perform maximum-likelihood series estimation .nclud.ng the rehabilrty of the trans- 
mission line and restore the information bit series S72 more accurately. 

ETfl 21 shows the structure of the reliability calculation circurt 1 21 . As shown in Fig. 21 . the rehabilrty calcu.aton 
circuit 121 inputs the received information symbol group S69 supplied from the adder 82 to a subtracter 1 25 and a tem- 
porary decision circuit 1 24. The temporary decision circuit 1 24 decides at which signal point r^ S ,t.on each symbol mput 
as the received information symbo. group S69 is located, and outputs a symbol showing the decdec Ij"^^ *"j 
sion symbol S102. For example, when the modulation method at the transm.ss.on side uses QPSK modulation, the 
temporary decision circuit 124 decides to which signal point position a received symbol corresponds among the signal 
poirt posrtions shown in F.g. 7. and outputs a symbol showing the decided position. Moreover, when the modulation 
method at the transmission side uses 8PSK modulation, 1 6QAM, or 64QAM, the temporary decision circuit 24 decides 
to which signal point position a received symbol corresponds among the signal point pos,t.ons shown ,n Fig. 8, 9, or 10 
and outpute a symbolshowing the decided position. The temporary decision circuit 124 outputs a symbol closest to a 
received symbol as the decision symbol S102. 

[0111] The subtracter 125 successively subtracts the decision symbols S102 output from the te,*porarydec.s.on cir- 
cuit 1 24 from the symbol input as the received information symbol group S69. and outputs subtract.on values £103 to 
a square circuit 126. In this case, since the decision symbol S102 is a symbol to be orig.nally receded, the subtraction 
value S103 output from the subtracter 1 25 shows the noise component superimposed on a rece.ved symbol 
[0112] The square circuit 126 calculates the noise power of each symbol by successively squaring the input subtrac- 
tion values S103 and outputs the noise power of each symbol to a cumulative addition circuit 127 as the noise power 
S104 per symbol. The cumulative addition circuit 127 cumulatively adds the noise power S104 by the number of sym- 
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bols of one symbol group (cumulatively adds the noise power S104 for one slot) and outputs the obtained noise power 
^0 Lr one to an inverse number calculation circuit 128. Thus, by calculating and outputting the inverse number 
of the noise P^SIOS with the inverse number calculation circuit 128. the reliability calculate crcurt 121 calculates 

ISllsrtcc^g to^e above-described structure, the demodulating section 120 of the second embedment ^calcu- 
laYes the oTer S1 05 of the noise component superimposed on the received information symbol group S69 from the 

^SlS^Smtion Sne through which the received information symbol group S69 >s sent M«™t£ 
demoduTating section 120 multiplies each bit of the coded bit group S70 restored from the received info nation symbo 
groups » the ^reliability factor S100 showing the reliability of the transmission fine, and thereby ad,usts the s,gna. 
Lei of the coded bit group S70 to a level corresponding to the reliability of the transmission line, 
rami Th* by decoding the coded bit group S101. which is adjusted to the s,gnal level correspond.ng to he reha- 
Ev of the^nsmSn ine by the rear-stage Vlterbi decoding circuit 20. it is possible to perform max.mum-Hkehhood 
sel esC« of tJe transmission line and restore the informal brt series S72 more accu- 

rami According to the above-described structure, the reliability factor S100 showing the reliability of a transrnission 
"e is ca.cuS by calculating noise power from the received information symbol group S69, and the received coded 
5 g roup S of multiplied by ihe reliability factor S100. Therefore, it is possible to adjust 

bit arouo S70 to a level corresponding to the reliability of the transmission l.ne and thus, perform max.mum-hkel.hood 
Mu^ the^eliabiSty of the transmission line. Therefore, it is possible to restore the .nformation brt 
series S72 more accurately. 

(3) Other Embodiments 

[0116] 

f 3 -1l For the above-described embodiments, a case is described in which the transmission symbol group S35 gen- 
era L bV insS^ P between information symbols I is transmitted through the inverse fast Fourier 
SSS SSfTSd Emission circuit 52, and the information symbols S56-S59 are e^^mthe 
ieivi symbol groups S48-S51 obtained through the reception circuits 60-63 and the fast Fourier transform c.r- 
Z ^he reception side. However, the present invention is not restricted to the *«»*^ «"J£ 
ateo possible to transmit the transmission symbol group S35 by applying differential modulation to the group S35 
and S drfferential modulation to each of the received symbol groups S48-S51 at the reception s.de and there- 
at^SXlrrnation symbols S56-S59 from the recerved symbol groups S48-S51 . This point .s specially 

describee . below ^ to that in Fig . 6 is provided with tine same syrr^ symbol 130 

denotes a transmitter as a whole. The transmitter 130 inputs the transmission symbol group S35, mto which pilot 
svmSs P are^eTb a differentia. modu.ation circuit 131 to apply differentia, modulation to the transmission 
Si g™ ^^35 TSdifferential modulation circuit 131 first inputs the transmission symbol group S35 to a ™ 
S 132 A delayed symbol S1 09 one symbol before is input to the multiplier 132 through a delay crcurt 133. The 
Ser^ 

bol S109 one symbol before by symbols of the input transmission symbol group S35^and outputs a 
sSgroup ?1 10 thereby obtained to the inverse fast Fourier transform circuit 51 and the delay arc, 133. 1 this 
ca^ bSuse the symbol one symbol before is comp.ex-multip.ied by the input symbols, information 
is superimposed on the difference between the symbols output as the transmission symbol group S1 10 

ThusTeTansmitter 130 generates the transmission symbol group S36 by applymg .nverse Founer transform 
to f^HwT^ group S1 10 to which differential modulation is thus applied, and generates the trans- 
miSo! I signa'So by applying predetermined transmission processing to the transm,ss,on symbo. group S36 to 

tra Ts^Tn a ^ 3 23 in which a portion corresponding to that in Fig. 13 is provided with the same symbol a 
rece^erl^ 

£E demodu.ation to the received symbo, groups S48-S51 with the <*^^^?^ 

lSl-144, and extracts pilot symbols P and information symbols I from received symbol groups S1 15-S1 18 thereby 

^ATshown in Fig. 24, the differential demodulation circuit 141 inputs the received symbol group S48 supplied 
fromThe Slier transform circuit 64 to a delay circuit 145 and a multiplier 1 46. The multipher 146 applies drf- 
SJSSnTsyntah of the received symbol group S48 by performing complex m u|tipl,cation bert ween 
fhe «n ugTvLe of the symbol S120 one symbol before delayed through the delay circurt 145 and the symbols 



19 



EP 0 896 440 A2 

of the input received symbol group S48. and outputs the received symbol group S115 thereby obtained In this 
case because an input signal is complex-multiplied by the conjugate value of the symbol one symbol before, the 
difference between the input symbol and the symbol one symbol before is obtained and asj a result. dtferential 
demodulation processing is performed. In this connection, the differential demodulation circuits 142-144 also have 
the same structure as the differential demodulation circuit 1 41 shown in Fig. 24. 

Thus the receiver 1 40 restores the transmitted information bit series S72 by applying differential demodulation 
to the received symbol groups S48-S51 with the differential demodulation circuits 141-144 and moreover applying 
the same processing as that of the first embodiment to the received symbol groups S1 1 5-S1 1 8. 

Thus by applying differential modulation to transmission symbols at the transmission side and differential 
demodulation to received symbols at the reception side, the difference between adjacent symbols can be obtained 
Therefore, even if frequency selective fading occurs in a transmission line, it is possible to decrease the f luctuaton 
received due to the frequency selective fading by obtaining the difference between symbols. Thus, because differ- 
ential modulation is performed at the transmission side and differential demodulation is performed at the reception 
side, even if frequency selective fading occurs, it is possible to reduce the influence of the fading and restore the 
information bit series S72 accurately. 

(3-2) Moreover in the case of the above-described embodiment, a case is described in which diversity reception is 
performed by providing four antennas 44A-44D for the receiver 42. However, the present invention is not restricted 
to the above case. It is enough to use at least two antennas. In this connection, because a weighting factor for 
removing the interference wave component is calculated in accordance with the pilot symbol included in a signal 
received by each antenna, it is estimated that the interference wave component can be more accurately removed 
as the number of antennas increases. Moreover, when applying the present invention to a cellular radio communi- 
cation system, it is enough to use six antennas at most and it is estimated that use of three to six antennas is effec- 
tive and practical. The cellular radio communication system is a radio communication system in which an area for 
providing communication services is divided into cells with a desired size, a base station serving as a fixed radio 
station is set in each cell, and a communication terminal serving as a mobile radio station performs radio commu- 
nication with the base station in a cell in which the terminal is present. k . k w.^D 
(3-3) Furthermore, in the case of the above<lescribed embodiment, a case is described in which pilot symbols P 
are inserted between information symbols I at equal intervals. However, the present invention is not restricted to 
the above case. It is also possible to insert pilot symbols P between information symbols I at random 'ntervalsjn 
short, by properly distributing and inserting pilot symbols P into information symbols I, it is poss.ble to obtain the 
advantage same as the above. , . . ... . . a 

(3-4) Furthermore in the case of the above-described embodiment, a case is described in which a pilot symbol P 
having an amplitude "1" and a phase being random in every communication is inserted between information sym- 
bols I However, the present invention is not restricted to the above case. For example, it is possible to insert pilot 
symbols perpendicular to each other every communication to predetermined inserted positions as long as an envi- 
ronment having only a small propagation delay and being synchronous with other communication (for example, an 
environment in which the present invention is applied to a cellular radio communication system and base stations 
are temporally synchronized each other) is used. By specifying pilot symbols as descnbed above, it is poss.b e to 
decrease the number of pilot symbols compared to the case of randomizing pilot symbols in every communication. 
(3-5) Furthermore, in the case of the above-described embodiment, a case is described in which 24 subcarriers are 
used. However, the present invention is not restricted to the above case. It is also possible to use any number of 
subcarriers 

(3-6) Furthermore, in the case of the above<Jescribed embodiment, a case is described in which the convolution 
coding circuit 5 is used as a coding circuit and the Viterbi decoding circuit 20 is used as a decoding circuit However, 
the present invention is not restricted to the above case. It is also possible to use other coding circuit such as a 
turbo code or decoding circuit. In short, the same advantage as the above can be obtained by using coding for 
increasing the distance between series at the transmission side and using a coding/decoding method for decoding 
coded bit series in accordance with maximum-likelihood series estimation at the reception side 
(3-7) Furthermore in the case of the above-described embodiment, a case is described in which the transmission 
symbol S35 is transmitted by using a frequency channel comprising a plurality of subcarriers However, the present 
invention is not restricted to the above case, tt is also possible to change frequency channels used for each slot at 
random, that is. perform so-called frequency hopping. Thus, by performing the frequency hopping rt is possible to 
reduce the probability of receiving interference waves. Therefore, it is more effective to avoid the influence of inter- 
fsrsncs waves 

(3-8) Furthermore, in the case of the above-described embodiment, a case is described in which the present inven- 
tion is applied to the so-called multicarrier-type radio communication system of dispersedly superimposing the 
information to be transmitted on a plurality of subcarriers and transmitting the subcarriers. However the present 
invention is not restricted to the above case. Even when another communication method such as the TDMA method 
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is used it is also possible to obtain the same advantage as the above mentioned case by calculating a weighting 
IZTlor iSg the interference wave component in accordance with the pilot symbol recerved as descnbed 
above and removing the interference wave component. 

[011 71 In short the same advantage as the case described above can be obtained by providing the folding means 
Sr ^Jier a plurX of antenna means for generating information symbols by applying predetermmed mo*M»n 
to coS bS generated from information bits, moreover generating transmission symbols by inserting a Iron p. tot 
symbofbetween the information symbols at the reception side, and receiving transmission s,gnate ge ^ 
fno predetermined transmission processing to the transmission symbols; rece.ved-s.gnal processing means for extract- 
taScTSZTtam the signals received by the antenna means, calculating a weighting factor for minimizin J the 
meSrenrwave component in accordance with each extracted pilot symbol, remov.ng the interference wave compo- 
w"21™rLnJon symbols by multiplying the information symbol extracted from each receded signal by the 
Shting tor? thereafter generating a received information symbol by synthesizing the information symbols and 
^n7tEcoded bits by applying predetermined demodulation processing to the received information symbol, and 
Sing means for restoring"!* linformation bit by applying maximum-like.ihood series estimation to a coded bit output 

em by £^££2* means for a transmitter: coding means for generating coded bits by appl^ .ceding 
prc^essL to information bits? modulation means for generating information symbols by applying P^^'"^^ 
u Son orccessing to the coded bits; pilot symbol addition means for generating transmission symbols by inserting a 
Swn pTSot between the information symbols at the reception side; and transmission 
transmission signals by applying predetermined transmission processing to the transmission symbols, and transmitting 
SSS symbols; and moreover, providing the following means for a receiver: a P^^ "^ 
recSHransmiiion signals, received-signal processing means for extracting a pilot symbol from each signal 
S^t^ZSSi. m«u^ calculating a weighting factor tor minimizing the interference wave component. 
accoSnce wfth each extracted pilot symbol, removing the interference wave component from the information symbol 
^SSSSSm^Z symbol extracted from each received signal by the weighting factor and thereafter, gen- 
eSaTctivi information symbol by synthesizing the information symbols. 

predetermined demodulation processing to the received information symbol; and decoding means for restoring the 
information bit by applying maximum-likelihood series estimation to the coded bits. 

"formation b by app* 9 ^ ^ ^ can be oblained {rom a commutation 

method modulation processing to a coded bit generated from an informat, « M anMw^ 

aenerating In , information symbol, generating a transmission symbol by inserting a known pilot symbol between the 
SZ^^teH the ecepiion side, transmitting a transmission signal generated by applying predj ermmed 
ransmissTon processing to the transmission symbol, and at the reception side, receiving transmission signals ^through 
a plura rty antenna means, extracting a pilot symbol from each received signal, calculating a ^^T^T 
mwnn hpirrterference wave component in accordance with each extracted pilot symbol, multiplying the information 
Tmbo. by the weighting factor and thereby, removing the interference wave com- 

ponent Sm ^information symbols and thereafter, synthesizing the *lbm-«cn^^ 

mceiverJ information symbol, applying predetermined demodulation processing to the received information symbol and 
ZZESSESXEEZSSq maximum-likelihood series estimation to the coded bit and thereby restoring 



mSTZ described above, according to the present invention, a pilot symbol inserted at the transm.ss.on side is 
Sed Com S SceS signal, a weighting factor for minimizing the interference wave component in accordance 
SS^aSSpM symbol is calculated, the information symbol extracted from each received signal is multiplied 
TvZ££w^£ thereby the interference wave component can be easily removed from the information sym- 
bol l5T even ^Interference waves are received, it is possible to easily remove the interference wave component from 
* M ?HV transmitted information bit can be restored accurately by removing the influence of interference 

raism While there has been described in connection with the preferred embodiments of the invention, it will be obvi- 
ous ftc Ithose Sm in the art that various changes and modifications may be aimed, therefore to cover in the appended 
claims all such changes and modifications as fall within the true spirit and scope of the invention. 

Claims 

1 . A receiver comprising: 

a plurality of antenna means (44) for receiving a transmitted signal generated by inserting pilot symbols 
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b*»e«, H«m*n symbds >. gen«.e a s»mW and applying pmlMmM posing to 

antenna means (44), calculating a wagrmng m»ot u c0nponert . ftO m said information sym : 

ance with each extracted pilot symbol, removing the rtB ™[^JJj°°rJd sionals by said weighting factor, 
bol by multiplying said information symbol extracted* rom ^^^jJ^lE SS(* and restonng 
thereafter generating a received I information ZSZSSSL symbo,; and 

srsrss^i— series estimation to 

said coded bit output from said received-signal processing means (45). 
The receiver according to claim 1 , wherein 
sa^^gnaprpea^n,^ 

accordance with said expected values. 
The receiver according to daim 1 or 2, wherein 

Pleasing ,ne.n S («, . * = ^KISSS 

ing said coded bit by said reliability factor. 
The receiver according to anyone of claims 1 to 3. wherein 

ZSZmi m symbol and said information symbo. from each of said received symbols. 
A radio communication system comprising: 

ance with each extracted pilot symbol removing the ^^^^^^^^^^naiaaot. 
bolbymuiWngsaidinforn^onsy^ 

thereafter generating a rece.v^ inform^.on syimbol by syranes ng informat ion symbol, and 

to said coded bit output from said received-signal processing means. 

6. The radio communication system according to claim 5. 
wherein 

■„„ uk\ rairulates exoected values of symbols in accordance with the pilot 
said received-signal processing means (45)calcula es «^ e "~ \ ., t ^ jnserted at the 

accordance with said expected values. 
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7. The radio communication system according to claim 5 or 6, 
wherein 



said coded bit by said reliability factor. 



8. The radio communication system according to anyone of claims 5 to 7. 
wherein 

symbol from each of said received symbols. 

9. The radio communication system according to anyone fo claims 5 to 8, 
wherein 

said pilot symbol is a symbol varying in each communication. 

1 0. The radio communication system according to anyone of claims 5 to 9, 
wherein 

sakl pilot symbol is one of the symbols perpendicular to each other in each communication and it is inserted 
to a predetermined inserting position. 

11. A communication method comprising the steps of: 

1 2. The communication method according to claim 11. 
wherein 



ues. 

13. The communication method according to claim 1 1 or 12, 
wherein 

=SS£Ei3S»£s3SS 
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14. The communication method according to anyone of claims 1 1 to 13. wherein 

at the transmission side (41). said transmission symbol is transmitted by applying differential modulation 

SSlS^toS. differentia, demoduiation processing is applied to received symbols fetched from 
^ oSeceS signals, and then said pilot symbol and said information symbol are extracted from each 
of said received symbols. 

15. The communication method according to anyone of claims 1 1 to 14, wherein 

said pilot symbol is a symbol varying in each communication. 

1 6. The communication method according to anyone of claims 1 1 to 15. wherein 

said pilot symbol is one of the symbols perpendicular to each other in each communication and is inserted to 
a predetermined inserted position. 

17 A receiving method comprising the steps of: 
30 coded bit. 

35 accordance with said expected values. 

,• .„ ^ioi m i 7n ,iR wherein a noise Dower included in said received information 

V££?£. sn»*9 t ranaM* 0. a transmit „„. ,„ aec«dance wi* sa«. ncse po.ec and 
40 multiplying said coded bit by said reliability factor. 

20. The receiving method according to anyone of claims 17 to 19. wherein 

said transmission signal transmitted by applying differential modulation processing to said transmission symbol 
45 is received, 

^S^MSSKS- an, *en S aia P»o, a* aa« — 
symbol are extracted from each of said received symbols. 

so 21 . The receiving method according to anyone of claims 1 7 to 20. wherein 
said pilot symbol is a symbol varying in each communication. 

22. The receiving method according to claims 17 to 21, wherein 



55 



said pilot symbol is one of the symbols perpendicular , nneitin „ 

to each other in each communication and is inserted to a predetermined inserted position. 
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